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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WIND-TUNNEL TESTS OF A TWIN-ENGINE MODEL TO DETERMINE TEE
EFFECT OF DIRECTION OF PROPELLER ROTATION ON THE
STATIC-STABILITY CHARACTERISTICS

By Francis M. Rogailo and Robert 8. Swanson
SUMMARY

Tezts wers made in the LMAL 7- by 1l0-foot tunnel to
determine the effect of direction of propeller rotation
on .the static longltudlnal- and lateral-gtability
characteristics of the l,lO—scale model of thse North
American B-28 airplane. :

The results of the present investigation indicate
y that the mode of propeller operation has a considerable
effect upon lateral and longitudinal stability and may
have an effect upon propulsive efficiency. The best mode
of rotatvion from congideration of stability is dependent
upon the flight condition and also upon the coanfiguration
“of the airplane.

INTRODUCTION

Testgs were made in the LMAL 7- by 10-foot tunnel to
determine the effect of the direction of propeller rota-
tion on the effective thrust coefficients and the gtatic
longitudinal- and lateral-stability characteristics of
the 1/10-scale model of the North American XB-28 airplane.
Most of the tests were repeated with each of three modes
of propeller rotation: +tips of both propellersg coming up
in the center (designated PypPap), .tips of both propellers
going down in the center (PjgPpy), and right-hand rotation
of both propellers (PjpPop). Power-on static-stability
tests were made of the wing alone, of the wing and fuselage,
and of the wing, fuselage, and tail with the model in the
V high-gspeed condition and in the landing condition. With
- the model in the landing condition, high-1ift flaps were

added below and ahead of the ailerons to simulate a full-
span duplex-flap arrangemeant. (See reference 1.) A few




power-off tests were made of the ailerons in combination
with this flap arrangement.

Four additional tests were made to indicate the effect
of mode of propeller rotation upon effective thrust coef-
ficients. A brief discussion of the test results is included.

It is desired to acknowledge the courtesy of Horth
American Aviation, Inc., ‘in making their model available for
this investigation after the completion of the original
program for the model.

MODEL

The 1/10-scale model of the North American XB-28 airplane
wag furnished by North American Aviation, Inc. and no attempt
wag made to check its dimensions. The propeller modes and
the model designations used in this report are those of North
American Aviation, Inc. A three-view drawing of the complete
airplane without the duplex flaps indicated is shown in fig-
ure . In figure 2(a) a three-quarter front view of the
coumplete model with duplex flaps deflected, landing gear ex—
tended, and propellers on is shown mounted in the tunnel.
Figure 2(b) is a three-guarter rear view of the model in the
same condition. Ian figure 3(a) is shown a three-quarter
front view of the wing with duplex flaps deflected, split
flap deflected over the center section normally covered by
fuselage (only a few wing-alone landing-condition tegts were
run with split flaps in the cernter section), landing gear
extended, and propellers on as mounted in the tunnel. In
figure 3(b) is shown the same model configuration but from a
three-guarter rear view. A typical section of the outboard
flap of the duplex flap arrangement is shown in figure 4.

The fuselage fillets were made of fillet wax. The angle
of attack of the reference line was determined by means of
leveling bar furnished with the model. The flap and control-
surface deflectiong were set by means of templets. The
propeller-blade angles at the 75-percent-radius station were
set by means of a protractor. The turrets and the periscopes
were not installed.

OPERATING PROCEDURE

No- equipment was readily available to measure the
torque or power output of the model motors. For this reason
the only power parameters determined were the propeller-blade




angle, the effective thrust coefficient, and the advance—_
diameter ratio. L :

The test procedufe adopted (see reference 2) was to

make propeller-calibration tests (fig. 5) at the proepeller- .

blade angles and the tunnel speed (in order to eliminate
Reyunolds number effects) to be used for the tests. .The
calibration was made for only one mode of rotation but was.
used for all modes of rotation. For each test the propeller

speed was adjusted in such a way that for each lift coeffi-=-

cient the effective thrust coefficient, as detgrmlned from
figure 5, matched the effective thrust coefficients of ‘the -
airplane. The airplane power conditions are given -in fig-

ure 6. The yaw tests were made at a constant value of pro-~=

peller speed corresponding to the proper value of effective

;uthrust coeff1c1ent for zero angle of yFAW:. < .

. TESTS AND RESULTS

Test conditiong.- The tests were made in the LMAL
7- by 10-foot tunnel. " (See refereance 3.) All the tests
with flaps neutral were run at a dynemic pressure of 16.37
pounds per square foot, which corresponds to a velocity of
about 80 miles per hour undeér" ‘standard. sea- 1evel conditions
and to a test Reynolds number of about 730, 000, "based on
the mean aerodynamic chord of. 12.009 inches. The effective
Reynolds number Rg was about 1,170,000, based on & turbu-
lence factor of 1.6 for .the 7~ by 10-foot tuanel. The
tests with flaps deflected were run-at-a dynamic pressure
of 4.09 pounds per square foot, which corresnonds to a
velocity of about 40 miles per hour under standard sea~
level conditions, a test Reynolds number of about 355,000,

and an effective Reynolds number of about 585,000.

Coefficientsg.~ The resultg of ‘the tests_are given in
the form of standard NACA coefficieuts of forces and moments
based on model wing area, wing span, and mean aerodynamic
chord. All moments are given about the center-of- gravity
location on the fuselage reference line and at 26 percent of
the mean aerodynamic chord. The-data are referred to the
stability axes, a gystem in which the X axig is the inter-
section of the plane of symmetry-of. the airplane with a
plane perpendicular to the plane of symmetry and parallel
to the relative wind direction, the Y axis is perpendic-
ular to the plane of symmetry, and the Z axis is in the
plane of symmetry and perpendicular to. the X“ a®is., ".In




other words, the stability axes are the regular NACA wind
axeg rotated in yaw with the model. The coefficients are
defined ag follows:

Cp
C
Dy
Cy
CL

drag coefficient, propellers removed (X/gs)

resultant drag coefficient (X/q8§)

lateral-force coefficient (Y/q8)
1ift coefficient (Z/q§)

rolling-moment coefficient about center of gravity

(V/qsd)

pitching-moment coeff1c1ent about center of grav1ty
(m/qsc)

vyawing-moment coefficient about center of gravity (n/qsb)

acf\
3
,,\

static rolling-moment derivative <_~_

static lateral-force der1vat1ve<

gtatic yawing-moment derivative <__%>

effective model thrust coefficient (T.,'/gS)

; T

effective propeller thrust coefficient ——g—§ = O.876XTJ
' : pvV D

force along X axisg, positive when directed backward

force along Y axis, positive when directed to right

force along Z2 eaxis, positive when directed upward

rolling moment about X axisy positive when it tends
to depress right wing

pitching moment about T axis, positive when it tends
to depregs tail

yawing moment about the 2 axis, positive when it
tends to retard right wing




q dynamicvpressure <%.pvp> (i6.37 or 4.09 1b/sq ft)
s wing area (6.759 gq ft)

c mean aerodynemic chord (1.001 ft)

b wing span (7.261 ft)

V/nD advance—-diameter ratio

g effective thrust per engine, pounds

Teg'! total effective thrust, pouﬁds

P . mass density of air, slugé per cubic foot

s airspeed, feet per second

D oropeller diameter (1.388 &

n propeller speed, revolutions per gecond

N propeller qued,'revolutions pér minute

and

o angle of attack of fuselage reference line, degrees

Oy, uncorrected angle of attack of fuselage reference
line, degrees

W angle of yaw, positive when nose of model moves to
right, degrees

it angle of stabilizer setting with respect to fuselage
refferencs lins, gositive when trailing edge moves
down, sget at 1.5, degrees

8 aileron deflection with resvect to wing chord, positive

when trailing edge of aileron moves down, degrees

5f flap deflection, positive when trailing edge of flap
movesg dowun, degrees

) elevator deflection, positive when trailing edge of
elevator moves down, degrees



Sr rudder deflection, positive when trailing edge of
rudder moves to left, degrees

B angle of propeller-blade setting at the 75-percent-
radius station

Subscripts:

R right
1 inboard portion of duplex flap
2 outboard portion of duplex flap

Correctiong.- The 1ift, drag, and pitching-moment
coefficients, except for the wing aloune, have been approx-
imately corrected for tares caused by the model support.
These tares for the complete model, with propellers off and
at zero yaw only, are given in table I. They were obtained
from tests of a similar model with a dummy support. No
tare correctionsg were made for the wing alone.

The angle of attack, the drag coefficients, and the
pitching-moment coefficients have been corrected for the
effects of the tunnel walls. The jet-boundary corrections
applied were computed as follows:

Induced-drag correction,

2

o =8 8¢.° 1

Induced angle-of attack correction,

Doy = 6% ¢y (57.3) (2)

Pitching-moment-coefficient correction,

2 S m r W o
Abn = 8a ¢ 77y OL (5%.8) Jagla, ‘ (3)
All corrections are added to tunnel data. In equations i

(23, wad (&)
8 = 0.,314

Sa = 00080




C tunnel cross-sectional area (69.59 sq ft)

acCy

T change in pitching-moment coefficient per degree
v change in stabilizer setting as determined from

previous tests of model with flaps neutral and
deflected and with power on and power off

dq free-stream dynamic pressure

q average dynamic pressure across tail span

Substitution of the various factors in the egquation
gives the following simple, approximate formula for flaps
either neutral or deflected, power on or power off:

ACy = 0.015 Cy,

No jet-boundary corrections were made to the rolling-
moment or yawing-moment coefficients. The corrections may
be applied by use of the following approximate formulas,
which were derived for the unyawed model dut which may be
nged to correct the lateral and directional stability
criteriong determined at small angles of yaw:

ACy = 0.974 ACy - - (4)
Te u

AGp = = ACy . - 0.016 ACj  Op -+ 0.074 ACy (5)
o T4 g o Y

where the subscripts may be defined as followe!

v increments due to yaw (dihedral effect)
e corrected values
u wncorrected values, which are given, without sub-

scripts, in the figures of test results

It should be emphasized that the increments of roll-
ing moments and lift coefficients used in equatious (4)
and (5) are dve to the wing and flaps alone and do not in-
clude the effects of power, model asymmetry, the tail sur-
faces, or the fuselage in producing lift or rolling moment.



For convenience in locating the results, a résumé of
the tests and of .figures in which the results are presented
is given in table II. Also, the abbreviations used to
designate the various model conditions are given.

DISCUSSION

Power-on static-gtability tests were made of the wing
alone, the wing and fuselage, and the wing, the fuselage,
and the tail surfaces for three modes of propeller rotation
and two repregentative model conditions. The tests are,
of course, not complete enough to determine interference
effects, but they do provide some insight into the contri-
bution of the various components of the model to its sta-
bility characteristics for the conditions tested. The
pitch tests were made at +5° yaw and were unged not only to
obtain a measure of the lateral-stability derivatives but
also as a measgure of the longitudinal-stability character-
istdeg of tThe moceds; Thigs method of obtaining longitudinal-
stability characteristics is considered to give a reasonably
good approximation, and its accuracy may be egtimated from
the data presented for the yaw tests, which show the differ-~
ence between the pitching moment at - yaw and_iSo yaw.

In any case the 1lift, drag, and pitching-moment data are
presented for both the +5° yaw runs in pitch.

The maximum 1ift coefficient of the model with full-
span duplex flaps was about the same as obtained in unpub-
lighed tests previously made on the same model with partial-
span flaps because of the manner in which the wing stalled.
The stall might occur differently at full-scale Reynolds
number. Below the stall the addition of the flaps at the
wing tips increased the 1ift coefficient by about the ex~
pected amount and, relative to their effect upon the sta-
bility of the model, the duplex flaps were thought to be
representative of practical arrangements of full-span flaps.

Some of the wing-alone tests, with the wing in landing
conditions, were repeated with split flaps added to the
center section normally occupied by the fuselage (fig. 3).

The static-stability data are presented in figures 7
to 18, which show the effect of mode of propeller rotation
on the various characteristics in yaw and in pitch for each
model and power condition tested., Tests with the propeller
removed are presented for the landing condition for compar-
ison. It was not considered necessary to discuss the



figures individually; only general trends are pointed out.
The regumé of the tests, previously giveun, and the titles
on the figuree are self-explanatory.

Longitudinal stability.- The curves showiang the vari-
ation of pitching moment with angle of attack indicate
that mode of rotation has some effect on the magnitude of
the pitching-moment (trim) but has little effect on the
static longitudinal stability for the wing alone oy for
the wing plus fuselage. The fuselage is degtabiligzing.
The wing alone with flaps neutral is unstable; the wing
2lone with flaps deflected is slightly stable; and the wing
alone with fuselage and flaps is just about neutrally stable.
The tail surfaces are stabilizing for all modes of rotation
on the clean model and for rotation mode PlRPQL on the
model with flaps deflected. The tail surfaces do not mate-
rially change the stability for the model with flaps de-
flected and rotation mode PigpPpor Dbut decrease the stabil-
ity slightly for rotation mode P3rPggp. The complete model
with flaps neutral hag the greatest stability with rotation
mode PlLPZR’ ig slightly less stable with mode PlRPZR'
and ig least stable (even unsgtable over high angle-of=attack
range) with rotation mode PjipPsy (fig. 17). The complete
model with duplex flaps deflected, however, has the greatest
stability with mode PlRPZL' ig slightly less stable with
mode PjipPgp,» and has the least stability with mode PjipP2p-
The difference in stability and trim of modes PjpPpp and
Py1Ppy with the duplex flaps is about the same as with the

partial-gpan flaps, as shown by unpublished data. It is
probable that these two modeg of rotation would give about
the same stability if the tail gsetting was adjusted to give
the game trim. ‘ :

The contrasgting effects of mode of propeller operation
upon the stability for the conditions with flaps neutral and
with flaps deflected are rather difficuvlt to explain. Only
the main arguments as they apply to this model are indicated
although several different effects must Ve considered in the
general case. TFor the condition wita flaps neutral the
sheared and slightly distorted slipstream passes over the
tail and the effects of slipstream rotation are as would be
expected. For the condition with flaps deflected, however,
the increascd downwash displaces the slipstream further
downward and the slipstream shearing, the rotation damping,
and the distortions are greatly increased. The direct ef-
fect of rotation is almost entirely eliminated at the normal
tail location, since the slipstream passes below the tail,
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and therefore the main component of rotation is along the
tail span (sidewash) rather than normal to the tail sgpan
(downwash). The indirect effect of rotation is thus more
important for the condition with flaps deflected,than for
the condition with flaps neutral. Thig indirect effect

igs simply that a different portion of the gheared and dis-
torted slipstream field is passed near the normal tail
location for the different modes of rotation. The portion
of the downwash field near the normal tail is more desta-
bilizing for the propellerg rotating up in the center for
thig model. Air-flow surveys behind similar twin-engine
models made at the Laboratory also showed this difference

in the effects of mode of propeller rotation on the downwash.

Longitudinal trim changesg in yaw.~ The variation of
pitching momant with angle of yaw ig apparently a complex
function of the mode of rotation and the model condition.
The curves of pitching~moment coefficient against angle of
vaw were reasonably symmetrical avout the zero yaw axis
for all model conditions for the symmetrical modes of rota-
tion (PlLPZR and PlszL)' For the unsymmetrical mode

(PlRPBR) there was a marked increase in the stalling
moment over the nositive yaw range and a marked decrease

in the stalling moment over the negative yaw range for the
wing-alone cases (figs. 7 and 8). The addition of the
fuselage reduced the difference between the unsymmetrical
mode and the symmetrical modes. The further addition of
the tail (complete model) resulted in a very unsgymmetrical
-pitching-moment angle-of-yaw curve for the unsymmetrical
mode of rotation. The magnitude of the increment of pitch-

ing moment due to yaw is, in general, large for the complete-

model condition.

Directional stability.- Power increases the directional
insgtability of the wing with flaps. The fuselage increases
tiie ingtability. The tail surfaces make tae model stable.
Mode of rotation doeg not appear to have a great deal of
effect upon the stability for the condition with flaps neu-
tral but has some effect for the condition with flaps de-
flected. It appears from figure 18 that for an a greater
than 59, PygPsy is the most stable mode, PygPpg mnext,
and PyiPpy the least stable; for a 1less than 5° the

order isg reversed.

Directional trim.- The mode of propeller rotation has

a large effect on directional trim and on the general shape
of the yawing-moment curves for the condition with flaps
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deflected. The smalliest charnges in trim due to propeller
operation are associated with the symmetrical rotation
modes. ‘

Rolling stability.- The model with fleps neutral 1is

stable in roll with all rotation modes. lode PlgpPpyr ‘is,
in general, the most stable, P;pPpy next, and PyrPogp

the least stable. With flaps deflected the model is stable
only in the low-1lift range with power. The tail surfaces
are gtabilizing. In the high-1ift range the least loss in
stability due to propeller operation is obtained by use of
mode PlRPZL’ the other modes Deing approximately equal
over thig range. The greatest stability, however, over

the low-1lift range resulted from the use of mode P;yPsp.

Lift and effective thrust.- The mode of rotation
P11Pap (with the tips of both propellers coming up in the
center) gave the highest 1ift and greatest effective thrust;
the mode of rotation PigPpp (with bYoth right-hand propel-
lers) gave a medium value of 1lift and effective thrust; and
the mode of rotation PypPoy (with the proveller tips go-

ing down in center) gave tie lowest lift and effective
thrust for a given angle of attack for the model. The ‘gpe~
cial effective-thrust tests (figs. 19 and 20) also showed
thig effect. Although the torque was not directly deter-
mined, there was no measurable difference in the minimum
current input to the motors (an indication of the torgque
for these motors) due to mode of rotation. The effective
thurust-coefficient data of figure 19 were computed directly
from the measured power-on and power-off drags of the model
at the given tunnel angles of attack; "that'ig; the<data ‘are
uncorrected for the increased induced drag due to the in-
creased 1ift resulting from the action of the glipstream.
Lhe increase in effective thrust for rotation mode PjpPay
over that for PjgPop appears to be due to better wing-
nacelle interference for the rotation mode with nroveller
tips coming up oa the inboard side of the nacelle; that 1is,
the slipstream twist accompanying this mode of rotation
improves the pressure recovery OVver the nacelles.

Thig interpretation is supported by subsequent tesgts
of & model of another twin-engine airplane, in which the
most efficient mode of rotation was found to be with the
tips of both propellers going down in the center. The dif-
ference of model configuration is thought to account for
the difference of interference effects.
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Because of the low scale of the present tests and the

large variation of interference phenomena that may accom-
pany changes of scale, it is recommended that the effect |
of mode of propeller rotation on propulsive efficiency be
determined at higher Reynolds numbers. The 1lift data of
figure 20 include all componentg of 1lift acting oan the wing-
propeller unit. The thrust component in the mnegative 1ift

| direction is appaerently the greatest compounent of 1lift for
he runs at ay = -4.8°.

| Power—-off aileron tests.— The effects of aileron de-
flection on the aerodynamic characteristics of the model

| in the landing condition at zero yaw, power off, are ghown
in figure 21l. The aileron rolling-moment effectiveness is
not lirnear and fallg off rapidly with positive deflections
greater than about 1 possibly because of the low scale

of the ‘testse 1he amount of spelling moment due to an ai-

| leron deflection of -20° varies markedly with model attitude.

More recent unpublished tests of ailerons with duplex
flaps on a lzrge semispan wing .showed that the ailerons
probably would have been more powerful provided, the
balanced snlit flaps had been located farther below the
wing (larger gan) and farther back. The change in 1lift
characteristics due to moving the flav to thisg new position
appeared to be negligible. ' i

CONCLUDING REMARKS

The results of the present investigation indicate that
| the mode of propeller operation has a consgiderable effect
upon lateral and longitudinal stability and way have an ef-
‘ fect upon propulsive efficiency. The best mode of rotation
from congiderationsg of stability is dependent upon the
flight condition and also upon the configuration of the
‘ airplane. Oppositely rotating propellers with the tips
coming up in the center appeared to give the highest pro-
‘ pulsive efficiency for the wing-nacelle arrangement used
in the testg. Because this effect was attributed to inter-
‘ ference, it should be carefully checked at higher Reynolds
| numbers. Only a brief analysis hag thus far been made of
| the regults of the pregsent investigation. -

‘ Langley Memorial Aeronautical Laboratory, _ b
National Advigsory Committee for Aeronautics,
‘ Langley Field, Va.
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TABLE I
SUPPORT STRUT TARES USED IN COMPUTING
THE COEFFICIENTS

[Tares were determined for a model similar to the XB-28 model]

o ACT, ACp AChy

(deg)

-10 -0.004 0.0062 -0.003
e s o .0062 -.003
-8 -.001 .0056 -.003
-7 .001 0053 -.003
-6 .002 .0049 -.003
-5 .002 .00456 «. 004
-4 .001 .0043 -.003
-3 -.001 .0039 5 OD2
-2 -.002 0037 «. 008
-1 -.004 .0033 -.002

0 -.006 .0051 s O

.5 ~.007 .002¢9 -.002
1 -.008 .0028 -.002
: -.009 .0025 ~iGa2
3 -.007 .0022 -, 002
4 -.005 .0020 002
5 -.003 .0017 ~.002
5 - .02 .0015 ~5 002
7 -.001 0012 Yo
8 - 80Y .0010 =001

+
(@]
[+ 2
O
(@]
O
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16 TAB! NACA ey
LE II o~
7/ 7 (\.I-
RESUME OF TESTS AND FIGURES o
Model description
'Propelleﬂ . [ v %
| rotation B o % o i (deg) | (deg) Power q
Test| Configuration | Condition | ?o?e (deg)| (deg)| (deg)| (deg)| (deg) (b) (b) | condition| (1b/sq ft)| Figure
o -
| | |
| | | |
110 | Wing+fuselage !High-speedi PiRPo;, | 40-6 0 5 CRated 16,37 13
! power !
111 | ---- --- do ---| - do - | 40.5 0 7.8| -do-- 16.37 | 11 i
112 | --a- --- do ===/ - do - | 40.5 0 -5 -do-~ 16,37 13|
——e e P . -5 -do-- . |
113 } | o 11Ppg | 405 0 do 16.37 | 13
114  --== do ===== | === d0 === =~ do - 40.5 0 1 7.8 | =do-- 16.37 11
116 | ---- t--- dol ===! =/do - | 40.8 o | ‘ 5 -do-- 16.37 | 13
116 —=ae 4O ===-- ‘--- do --= lﬂpzn 40.5 [0] | o 5 -do-~ 16.37 } 13
500 ) S T e R 40.5 (¢] { ! 7.8 | =do=-= 16.37 | 11
118 | ---- 40.5 ) -5 -do-~ 16,37 13 |
119 | Comple 40.5 0 0 0 | 1.5 | -4.9 -do-- 16.37 R,
Heopl bsis e 40.5 0 0 0 | 1.5 | 7.8 =-do-- 16.37 15
121 | ---- --- 40.5, 0 . 0O o ! 1.5 | 4.8 [ cdo-- | 1e.37 17
122 | =--- ——=100 -=- Py Poo 40.5i ol o 0 | 1.5 | 4.8 | -do-- f 16.37 I 17
L=t S — ——-'d0 ~=- - do'- @ 4057 O ) 0 1.5 | 7.8 ! -do-- | le.27 | 15
124 | ---- LEE S EEE S s BV ) 0 o || 1i5 } -4.9 -do-- | 1e.37 | 17
5 - - - ° | - - -
125 | do PigPop 4035 0 0 (o] 1.8 I -4 do 16.37 } 17
126 | =-=- === do --= = do - 40.5 0 0 0 1.5 i 7.8 -do-- | 1837 | 18
127 | ==-= -== d0 --=:. - do - .40.5 0 ) 0 1.5 | 4.8 -do-~ | 16.37 17
128 Wing --= d0 --= - do - 40.% 0 | 5 | -do-= [ 16.37 ‘ 9
129 | -==- == d0 -== = do -  40.% 0 i | 7.8 | -do-- | 1e.37 7
18C | == -== d0 === - do - 40.5 0 I =5 -do-- | 16,37 ’ 9
= SN - e i = - — 1 |
131 | i do Py Pop  40.5 0 3 | 5 | -do 16.37 { 9 |
132 | -=e- A0 ===== --- do === - do - 40.% 0 { ‘ 7.8 | -do-- \ 16.37 | 7 |
133 | --~= do ===~= | === 30 === =- do - 40.5 0 1 | & | ‘ -do-- IS 1ess7 IR g
[yl PR 5 R SR s o PP 40.5 0 | s | -do-- 116037 i
| | 1R"2R ! | | | ; | ! .
| 135 | --=- do ----- | -=- do === - do- 40.5 O ' ‘ | 7.8 1 -do-- | ‘16,37 | 7 |
136 | --~- d0 ==-n< | === d0 === - do -  40.5 . O -5 | -do-- | 16.37 | ¢
| 137 | Complete model Landing =30 (0] (o] 1.5 (o] . No pro- | 4.09 | 21
| | pellers |
ot g R e e 0! === d.20 0 0 1.5 o | -do-- 4.09 21 3
139  ---- do do --- d-10 ) ) 156 o | -do-~ 4.09 21
| 140 --~- do do --- do ) 0 1.5 o | - do-~ 4.09 21
| 141  --~- do do --- d10 0 0 156 0 -do-- 4.09 | 21
| 142  --~- do do --- dz20 0 0 1.6 o | =do-~ 4.09 21
148 | ==+~ do do --- P__P 27.1 (o] 0 o] 1.8 5 | eTaxe~off 4.09 | 18
i 1R 2L ! power |
[ 144 | ---- do ---n- === do ===! = do = :27.1j O 0 0 1.5 6.8 -do-- 4.09 16
| 145 --- do jlez.af 0 0 0 1.5 -5 -do-- 4.09 18
| 146 --~- do ---~- --- do 271 N0’ 0 0 1.5 -5 | - do-~ 4.09 18
Tt | Sy NG B 1 j27.1] o o 0 | 1.5 [ 6.8 -do=s 4.09 | 16
148 | ==v- dO ===~= -== do 27.1| o ) 0 156 5 -do-- 4.09 18

8pefinition of symbols:
left-hand motor,

P1R

Por

Pav

Par

DRange

1625 hp. at 25,000 ft.

|
|
L
|

right-hand propeller

right-hand motor, right-hand propeller

left-hand motor, left-hand propeller

right-hand motor, left-hand propeller

of values indicated when numerical values are omitted.

dvalues of G‘R.

€2000 hp at sea level.
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HACA TABLE II - Continued 17
/ 7
RESUME OF TESTS AND FIGURES ~ Continued
i
Model description
Propeller v %u
rotation B 8, S, 5, iy (deg) | (deg)| Power q
Test Configuration | Conditlon ?o?e (deg) | (deg)| (deg) | (deg)| (deg) (b) (b) | condition| (1b/sq ft) Figurel
a |
149 | Complete model| Landing PP 27.1| O© 0 0 1.5 | 4.9 ®Take-of () 4.09 18
1R 2R { power
150 | -=== d0 ==~e= [ === 40 ---{ = do- 2711 0 o o 1.5 ( 6.8| -do-- 4.09 16
151 B =rnen llew= A0 se=] ~2A0= 27.1 (0] (o] (0] 1.5 -5 | =do-- 4.09 18
152 | Wing+fuselage | =-- do -~-{ - do- 27.1f © | -5 | = do-= 4.09 14
153 | "-=== d0 ==~-= | === do ---| - do- 27| o | GRS 4.09 12
154 ) wea A0 ===] - d0- 27.1 0 ! ‘ 5 - do-- 4.09 14
I3 - A, e ! — !
185 do LT s ’ ] .5 do | 4.09 14
I s T e TSR KU, S POl 27.1| o ! | 6.8 11 ~ldo—— 1" Wa¥00 12
157 S5 aaa] 2 dos sl |iols| | : -5 [l =lass= i atng 14
15&;1 === @0 =ws-- [o-- do -=={ PyoP,. | 27.1 © | i \ | =8 I Sag- SN G0 14
189 | ---- ==t ---J —ido~ 272 o | ] { | 6.8 -.do-- 4.09 12
260| ==== -~ do| -~=| - do- ) | 5008 10 = ldos~ I ES 09 14
161 | Wing alone --- do ---! -do- | 27.1f © | } ilis) B | -do-- 4.09 10
162 | --== dO ==~-- --- do === - do- 2710 10 | { 6.8 - do-- 4.09 8
v Wt ol el O G R e o - Bl
SDEZRE | ' ] | | L LA
165 do ---{ -do- | 27.1| o© , ; | 6.8 -do-- | 4.09 8
166 do ---| - do- 27.1} '0 ; |5 | -do-- |  4.09 10
167 dol=cl B NP i 27.1( o© ! | 5 | - do-- 4.09 10
{
168 | -=== d0 ==~-= (=== do ---{ = do- 27, 0 f ! 6.8 = do-- 4,09 8
169 | ---- 40l ~=~— | --- do ---| - do- 27.1{. 0 i | -5 | - do-- 4.09 10
170 | Complete model| High-speed Pl P2L 27.1: (o] (o] ! 0 135 } (o] 0.6 | Thrust | 4.09 l 5
| R i 1 ! cali- i
1 | | | | bration
¥ «=== do =-~-=« | Landing 0 o | O 1.5 4,9 No pro- 4,09 18
| pellers | |
92| 2e==1f0 ~=~=s -== do I Bo) { [¢] 1.5 | 6.8 =do=-- ' 4.09 16
173 | ---- d0 ==~== | === do | o @ o [ o 1.5 |-4.9 | | - do-- 4.09 18
174 | Wing+fuselage | --- do ! =0 | { - do-=- 4.09 | 14
375 | ==-= do -=-== |--- do , ) ‘ | | | 6.8: - do-- 4.09 Wi a2
176 omm Q0 e=mee -=-= do 0 | -5 | - do-= 4.09 14
177 | fWing alone SRR G 1 s | = do== | ¥ 2008 0
dge i ematans=""C | " “a0 1 0 } 6,814 “ido=2 4.09 | 8
MO | S=--ido ==eae --= do o ! <6 T i =do== 154508 410
180 | BWing alone “s= @b Piip M lNony "0 | -5 | ®Take-off| 4.09 | 10 |
1R 2R i i ‘ [ | power | i I
181 | ---= dO ===-= --- do --- - do- 27,1] 0 | | [ | ( 6.8 -do-- | 4,090 | 8
182 | ---- do --~-= [--- do ---| - do- 27.1{ o | [ [ [ S5 —do-— | 4,09 10/ i
! | i Y i | Thrust | o
183 | Wing alone High-speed, PILPZR 40.5| 0 | o | =4.8 | call- { 16.37 | 20
| ! | bration
S e (Gl PR "-l 2L ( 40=51 (O | o | 8.0 -do-- 16.37 | (38
185 | ---- 0 =-~c= |--= do —--| PP, | 40.5] O | ‘ | © | -4.8 | - do-- .37 | (39
! | | i
ey R Sty e SR T ; {0 | 8.0 -do-- 1687 11429
=l I i I (- { o { 20 .

8Definition of symbols:

PlR

left-hand motor, right-hand propeller

P right-hand motor, right-hand propeller

2R

B left-hand motor, left-hand propeller

1L

P right-hand motor, left-hand propeller

2L

DPRange of values indicated when numerical values are omitted.
€2000 hp at sea level.

TWithout center-section split flaps.
BWith center-section split flaps.
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NACA Fig. 2

Figure 2a.- Three-quarter front view of the 1/10-scale model of the
North American XB-28 airplane.

Figure 2b.- Three-guarter rear view of the 1/10-scale model of the North American
XB-28 airplane mounted in the 7- by 10-foot wind tunnel. Horizontal tail
H77.5 duplex flaps deflected, landing gear extended, and propellers on,
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NACA Fig. 3

Figure 3a.- Three-quarter front view of the wing of the 1/10-scale model of the North

American XB-28 airplane in the 7- by 10-foot wind tunnel. Wing with duplex
flaps deflected (split flap over center section normally covered by fuselage), landing
gear extended, and propellers on.

Figure 3b.-~ Three-cguarter rear view of the wing of the 1/10-scale model of the North

American XB-28 airplane in the 7- by 10-foot wind tunnel. Wing with duplex
flaps extended (split flap over center section normally covered by fuselage), landing
gear extended, and propellers on.
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